Twelve strains of Agrobacterium radiobacter isolated from naturally occurring crown galls or soil were found to be avirulent on sunflower, tomato, Kalanchoe, and carrot. Eleven strains contained plasmids of molecular weights 77 x 106 to 182 x 106 as determined by electron microscopy. One strain contained only a smaller plasmid (50 x 106 daltons). Several strains had both large and small (ca. 11 x 106 daltons) plasmids; one strain contained two large plasmids (112 x 106 and 136 x 106 daltons). Hybridization reactions of virulence plasmids from Agrobacterium tumefaciens strains C58 and A6 with plasmids from each of the A. radiobacter strains revealed that some A. radiobacter plasmids had less than 10% homology to either the C58 or A6 plasmids. Plasmids from some strains had approximately 50% homology with the C58 plasmid, but only one A. radiobacter plasmid contained more than 10%o homology to the A6 plasmid. The presence of large plasmids in A. radiobacter strains did not correlate with sensitivity to agrocin 84; however, the utilization of the amino acid derivatives octopine and nopaline was generally correlated to partial base sequence homology to the C58 plasmid. We conclude that all large plasmids found in Agrobacterium strains are not virulence associated, although they may share base sequence homology with a virulence-associated plasmid. Further, plasmids from tumorigenic strains may be more closely related by base sequence homology to plasmids from nonpathogenic strains than to plasmids from other pathogenic strains.
presence of large plasmids in A. radiobacter strains did not correlate with sensitivity to agrocin 84; however, the utilization of the amino acid derivatives octopine and nopaline was generally correlated to partial base sequence homology to the C58 plasmid. We conclude that all large plasmids found in Agrobacterium strains are not virulence associated, although they may share base sequence homology with a virulence-associated plasmid. Further, plasmids from tumorigenic strains may be more closely related by base sequence homology to plasmids from nonpathogenic strains than to plasmids from other pathogenic strains.
In a survey of strains of Agrobacterium, causal agent of crown gall disease, Zaenen et al. (18) found large plasmids (molecular weight, 96 x 106 to 156 x 106) in 11 pathogenic strains, but no plasmid of any size was reported in any of 8 nonpathogenic strains examined. The hypothesis was tendered that the large plasmids carried the genetic information for the "tumor inducing principle" proposed by Braun (5) . Other workers have reported genetic evidence for plasmid-borne virulence genes. Loss of pathogenicity of the virulent strain C58 of Agrobacterium tumefaciens occurred concomitantly with the loss of a large plasmid (15, 17) . Moreover, the introduction of the virulenceassociated plasmid into an avirulent plasmidless strain always confers virulence to the recipient strain (16, 17 Biochemical tests. Ability of the bacteria to utilize radioactively labeled octopine or nopaline was assayed as described by Watson et al. (17) . Production of 3-ketolactose was assayed by the method of Bernaerts and DeLey (3) .
Sensitivity of the strains to growth inhibition by agrocin 84 produced by strain 84 (9) was assayed on AB minimal medium (6) by slight modifications of the method previously described (17) .
Preparation of plasmid and total DNA. Covalently closed circular DNA of molecular weight up to 182 x 106 was prepared by the method of Currier and Nester (Anal. Biochem., in press). The DNA was stored at 4°C for 15 to 30 days to allow conversion to the open circular form, after which the electron microscopic procedures of Kleinschmidt et al. (11) and Lang (12) were employed for molecular weight determinations. These techniques routinely allowed visualization of both large and small open circular DNAs from multiple plasmid-containing strains in the same microscopic field.
Total bacterial DNA was prepared using a modification of the Marmur procedure (14) .
Plasmid DNA homology. Procedures for hybridization of high (driver) concentrations of unlabeled Table 2 , column E). When similar adjustments were made to the data obtained from the other strains that contained only a single plasmid, we found that plasmids from five of the six strains had from 30 to 60% base sequence homology to the C58 plasmid. Only one strain, 6467, contained a plasmid with significant homology to the A6 plasmid. These normalized homology values in column E represent the percentage of homology expected if one were to hybridize radioactive plasmid from the nonpathogenic isolate and unlabeled plasmid DNA from the pathogenic strains. However, these values possess a considerable degree of statistical error due to the cumulative errors in the determination of the plasmid sizes and measurement of duplex formation, and so serve only as an estimation of the opposite reactions.
Plasmid preparations from four of the six strains which contained multiple plasmids contained very little total sequence homology to either the C58 or A6 plasmid. Total plasmid from the other two strains, G12/73 and 84, duplexed with 38 and 35%, respectively, of the C58 plasmid ( Table 2 , column D). Since it is not clear which plasmid is hybridizing to the C58 plasmid probe, these data are difficult to interpret.
Hybridization reactions were also performed between total bacterial DNA from the test strains and the radioactive plasmid probes. The extent of homology found between probe and total DNA was essentially the same as that detected between probe and plasmid DNA in all cases (data not shown). These results indicate that large amounts of sequences homologous to the probe plasmid were not present in the bacterial chromosomes. Currier and Nester (7) also did not detect any virulence-associated plasmid sequences in the chromosomes of virulent A. tumefaciens strains.
Utilization of octopine and nopaline. Five of the biotype 1 strains did not metabolize either exogenous octopine or nopaline (Table 1 ) during 7 h of incubation. The other five biotype 1 strains preferentially metabolized nopaline in all cases but one, G12/73, which utilized octopine and nopaline equally well (indicated by + in Table 1 ). The other nopaline utilizers degraded octopine at a decreased rate (approximately 10% as well as strains which utilized octopine exclusively; indicated by +). One strain, T24/75, utilized nopaline exclusively.
Two biotype 2 nonpathogens were examined. Strain 84 utilized octopine and nopaline equally well, whereas strain AB2/72 utilized only octopine.
Agrocin sensitivity. Agrocin 84 affected the growth of several of the nonpathogenic strains (Table 1 ). In contrast to the results of Engler et al. (9) with other Agrobacterium strains, we found no correlation between the presence of large plasmids and agrocin 84 sensitivity in these nonpathogenic strains. Further, the degree of plasmid homology to the C58 plasmid and bacteriocin sensitivity was not correlated.
DISCUSSION
The results of this study show that the inability of Agrobacterium strains to incite tumors does not correlate with any of the properties that were examined. To our surprise, it did not even correlate with the absence of large plasmids. This expectation was based on the reported correlation between tumor-inducing ability and the presence of a large plasmid (18 Zaenen et al. (18) detected no plasmid DNA in strain RV3 by sedimentation in neutral sucrose gradients. We have detected a very large plasmid in this strain. The discrepancy with our results is undoubtedly due to the different techniques employed to demonstrate the presence of plasmids and the extremely large size of the RV3 plasmid. In our laboratory, it was difflcult to routinely obtain intact, closed circular plasmid DNA from this strain.
Although plasmids from natural isolates of pathogenic Agrobacterium strains were found to be homologous to the A6 plasmid in many cases (7) , only 1 ofthe 12 nonpathogenic isolates examined in this study had extensive homology to the A6 plasmid. Since the nonpathogenic strains were isolated from different parts of the VOL. 129, 1977 on September 28, 2017 by guest http://jb.asm.org/ Downloaded from world, it seems remarkable that their plasmids, if homologous to one of the plasmid probes, were always homologous to the C58 plasmid. In addition, the plasmids from some nonpathogenic strains were not significantly homologous to either of the probe plasmids, a result also observed with plasmids from A. tumefaciens strains (7) . The significance of these observations is not clear.
The functions of A. radiobacter plasmids are unknown. In A. tumefaciens strains, besides pathogenicity, the large plasmids have been implicated in agrocin 84 sensitivity (9) , bacteriophage exclusion (16) , and utilization of nopaline (4, 17) or octopine (4) . It seems likely that the same functions are also encoded by plasmids in nonpathogenic strains bearing these traits. Indeed, a general correlation is seen in that strains which utilize octopine and/or nopaline have a higher degree of homology to the C58 plasmid than most of the nonutilizing strains. Strains 6467 and AB2/72 are obvious exceptions to the generalization, however. The further observation that plasmids of nonpathogenic strains may be significantly homologous to a plasmid which is known to confer pathogenicity in strain C58 reinforces the earlier finding of Currier and Nester (7) that the bulk of the genetic information encoded in the plasmid DNA may not relate directly to pathogenicity.
The results of this study and those of others (8, 10) reveal that there is no clear distinction between the two species A. tumefaciens and A. radiobacter other than pathogenicity. Since changes in pathogenicity force the individual strains to cross taxonomic species lines, it seems exceedingly arbitrary to base the species designation on pathogenicity. It seems more reasonable to suggest that virulent and avirulent strains be considered as the same species. A similar suggestion has been made previously (10) .
